Preserving the uterus in a state of relative quiescence is vital to the maintenance of a successful pregnancy. Elevated cytoplasmic levels of uterine caspase 3 during pregnancy have been proposed as a potential regulator of uterine quiescence through direct targeting and disabling of the uterine contractile architecture. However, despite highly elevated levels of uterine caspase 3 during pregnancy, there is minimal evidence of apoptosis. This current study defines the mechanism whereby the pregnant uterine myocyte may harness the tocolytic activity of active caspases while avoiding apoptotic cell death. Using the pregnant mouse model, we have analyzed the uterus for changes in pro-and antiapoptotic signaling patterns associated with the advancing stages of pregnancy. Briefly, we have found that members of the IAP family, such as SURVIVIN and XIAP, and the Bcl2 family members, such as MCL1, are elevated in the uterine myocyte during late gestation. The IAP family members are the only endogenous inhibitors of active caspase 3, and MCL1 limits activation of caspase 3 by suppressing proapoptotic signaling. Elevated XIAP levels partner with SURVIVIN, resulting in increased levels of the antiapoptotic MCL1 via NFKB activation; these together have the potential to limit both the activity and level of active caspase 3 in the pregnant uterus as term approaches. We propose that modification of these antiapoptotic signaling partners allows the pregnant uterus to escape the apoptotic action of elevated active caspase 3 levels but also functions to limit the levels of active uterine caspase 3 near term.
INTRODUCTION
Apoptosis is an evolutionary conserved cell death signaling pathway essential in maintaining tissue homeostasis and development and removal of damaged cells. Deregulation of apoptosis contributes to human disease, including cancer and neurodegenerative disorders [1, 2] . We have identified the pregnant uterus as a site at which deregulation of and resistance to apoptosis occurs. We propose that the pregnant uterus harnesses caspase 3 activity to regulate uterine myocyte quiescence while using a gestationally regulated antiapoptotic signaling cascade to maintain resistance to the apoptotic effects of caspase 3.
In preparation for labor, the uterus undergoes a remarkable transition from a state of relative quiescence to that of an active contractile unit during the final trimester of pregnancy. The molecular mechanisms controlling the onset of uterine contractions at term include increased oxytocin receptors [3] , gap junction formation [4] , and prostaglandin production [5, 6] . A precipitous decline in circulating levels of P4 heralds the onset of labor in most mammalian species but not the human [7] . However, in both human and mouse uterus at term, a functional withdrawal of P4 action occurs at the PR level [8] [9] [10] [11] [12] .
Recently we identified uterine caspase 3 as a progesteroneregulated gene and a potential regulator of uterine quiescence [13] . Although activation of caspase 3 is typically associated with the onset of apoptosis [14] , many studies have identified caspase 3 as a negative regulator of myocyte contractility in skeletal [15] , cardiac [16] [17] [18] [19] , and smooth muscle cells [16] that doesn't induce cell death [17] . Many components of the contractile apparatus have specific caspase recognition sites that mediate a caspase-regulated proteolysis, thus isolating the contractile architecture of the cell as a target of the protease action of caspase 3 [18] . However, nuclear damage caused by caspase 3-mediated, internucleosomal cleavage of DNA, the final step in the death of the cell, is reduced or often does not accompany caspase 3 proteolytic action. The lack of cell death despite elevated caspase 3 activation is a phenomenon that has been demonstrated previously in the pregnant uterus [19] , fetal membranes [20] , and the human heart [17] .
The current study is focused on the mechanism by which the pregnant uterus resists apoptotic cell death despite elevated levels of uterine caspase 3 activity. It has been determined in other cell types that despite activation of the apoptotic pathway, there is often a lack of terminal morphological features of apoptosis [21] . Initially we tested the hypothesis that the pregnant uterus escaped apoptotic cell death as a result of active caspase 3 exclusion from the nuclear fraction. We examined the pregnant uterus from Embryonic Day 12 to Embryonic Day 19 (E12 to E19) for cleavage of the nuclear enzyme poly (ADP-ribose) polymerase (PARP), one of the first proteins identified as a substrate for active caspases [22] . PARP is essential for DNA repair and functions by catalyzing the synthesis of poly (ADP-ribose). The ability of PARP to repair DNA damage is prevented following cleavage of PARP by caspase 3. We also monitored uterine genomic DNA fragmentation across gestation as another indicator of uterine caspase 3-mediated apoptotic activity. We examined the profile of pro-and antiapoptotic signaling molecules expressed in the pregnant mouse uterus from E12 to E19. We hypothesized that modification of pro-and antiapoptotic signaling events in the pregnant uterus may function to protect the myometrium from the apoptotic action of caspase 3 in vivo.
MATERIALS AND METHODS

Mouse Studies
All animal studies were approved by the Institutional Animal Care and Use Committee of the University of Pittsburgh. Timed-pregnant female ICR (an outbred Institute for Cancer Research strain) mice (8 wk old) were obtained from The Jackson Laboratory (Bar Harbor, ME). Uterine tissues (n ¼ 3 for each gestational time point) were harvested at 1000 h from E12 to E19. The uterine horn was cleared of all embryonic material and maternal decidua. The remaining whole uterine tissue was washed in 13 PBS and flash frozen for subsequent protein and mRNA analysis.
First-Strand cDNA Synthesis and Quantitative PCR
Frozen uterine tissue specimens (n ¼ 3 for each gestational time point) were pulverized and homogenized in Trizol (Invitrogen, Carlsbad, CA). Total RNA was isolated and reverse transcribed to cDNA by a two-step method, followed by quantitative PCR (Q-PCR), as described previously in detail [23] . The ABI PRISM Sequence Detection System 7900HT (Perkin-Elmer; Applied Biosystems, Waltham, MA) was used to monitor the increase of reporter fluorescence following PCR. Reporter signal was normalized to the emission of a passive reference. PCR amplification was carried out using a Sybrgreen PCR Master Mix (Applied Biosystems). Primer Express software (Applied Biosystems) was used to design gene-specific mouse primers, with a preferable amplicon size of 50-150 bp for the proapoptotic members of the of B-cell lymphoma 2 (Bcl2) family, BH3 interacting domain death agonist (Bid), Bcl2 associated X protein (Bax), Bcl2 associated death promoter (Bad), and Bcl2 homologous antagonist killer 1 (Bak1). Gene-specific mouse primers were also designed for members of the antiapoptotic Bcl2 family (Bcl2)-myeloid cell leukemia sequence 1 (Mcl1), B cell lymphoma extra large (Bcl2l1), and Bcl2-like protein 2 (Bcl2l2)-and members of the antiapoptotic inhibitor of apoptosis (IAP) family-x-linked inhibitor of apoptosis protein (Xiap), cellular inhibitor of apoptosis 1 (Birc2/Ciap1), cellular inhibitor of apoptosis 2 (Birc3/Ciap2), and baculoviral inhibitor of apoptosis repeat-containing 5 (Survivin/Birc5). Primers were also designed for members of the IAP family antagonists: second mitochondria-derived activator of caspases (Diablo/Smac), XIAP-associated factor 1 (Xaf ), and the house keeping gene, mouse acidic ribosomal phosphoprotein primers (Rplp0). We have found Rplp0 levels to be suitable for its use as a housekeeping gene for the pregnant mouse uterus, as its expression remains stable across gestation. Each uterine sample (n ¼ 3 for each gestational time point) was assayed in triplicate. Amplified mRNAs identified by Q-PCR were normalized to Rplp0 [24] . Primer pairs can be found in Table 1 .
Subcellular Fractionation
Isolation of cytoplasmic extracts from uterine tissue was done as described previously [23, 25] . Briefly, frozen myometrial tissues were pulverized in liquid nitrogen and homogenized in ice-cold NE1 buffer containing 10 mM Hepes (pH 7.5), 10 mM MgCl 2 , 5 mM KCl, and 0.1% Triton X-100. The homogenate was centrifuged at 3000 3 g for 10 min at 48C, and the supernatant was retained as cytoplasmic fraction. The pellet was washed in NE1 and then resuspended in ice-cold NE2 buffer containing 25% glycerol, 20 mM HEPES (pH 7.9), 500 mM NaCl, 1.5 mM MgCl 2 , and 0.2 mM ethylenediaminetetraacetic acid (EDTA; pH 8.0) and was incubated on ice for 30 min, vortexed every 5 min, and centrifuged at 10 600 3 g for 10 min at 48C. The supernatant was retained as the nuclear fraction. Subcellular protein concentrations were determined by bicinchoninic acid (BCA) protein assay (Promega, Madison, WI).
Immunoblotting
Equal amounts of cytoplasmic and nuclear proteins, quantified by colorimetric BCA protein assay, were separated in gradient polyacrylamide gels (Invitrogen) and transferred onto Hybond-P (Amersham Pharmacia, Piscataway, NJ). Blots were probed using primary antibodies against anti-GAPDH ( . Primary antibodies were diluted in 5% milk þ 13 Tris-buffered saline Tween 20 (TBS-T) buffer, followed by incubation with horseradish peroxidaseconjugated secondary antibodies diluted in 5% milk þ 13 TBS-T buffer. Immunoreactive bands were visualized using an ECL detection system (Amersham Pharmacia). NIH Image quant (http://rsb.info.nih.gov/nih-image/) was used to identify immunoreactive protein band intensity. The relative optical density (ROD) was obtained by normalizing immunoreactive cytoplasmic protein band intensity to GAPDH, and nuclear band intensity was normalized to a 36-kDa cleavage product of the transcription factor ATF6, which we have found to be maintained at constant levels in the pregnant mouse uterine nuclear fraction across gestation.
DNA Fragmentation Assay
Nuclear genomic DNA was extracted from uteri from E12 to E19 (n ¼ 3 for each gestational time point). Briefly, frozen myometrial tissues were pulverized in liquid nitrogen, and the pulverized tissue was gently homogenized in 100 mM NaCl, 20 mM Tris-HCl (pH 8.0), 25 mM EDTA, 0.5% SDS, and 100 lg/ ml of RNase A and incubated for 1 h at 378C. Proteinase K was added to the sample and incubated at 558C overnight. The DNA was extracted with equal parts phenol, chloroform, and isoamylalcohol and dissolved in Tris EDTA buffer. Equal amounts of DNA were separated on 1.5% agarose gel containing ethidium bromide and photographed under UV light. The positive control apoptotic DNA ladder, apoptotic U937 cell extract, was obtained from Roche, Mannheim, Germany.
Statistical Analysis
All data are representative of at least three individual experiments performed in triplicate. Individual data were expressed as mean 6 SEM. Gestational profiles were subjected to a one-way ANOVA followed by pairwise multiple comparison procedures (Student-Newman-Keuls method) to determine differences between groups. Statistical analysis was performed in 
RESULTS
Elevated Levels of Active Caspase 3 Were Detected in the Nuclear Fraction of the Pregnant Mouse Uterus
Nuclear proteins were freshly isolated from pregnant mouse uteri from E12 to E19 (n ¼ 3 for each gestational time point). Western blots were performed using an antibody that only recognizes the cleaved form of active caspase 3 at 17 kDa. As shown in Figure 1 , abundant active caspase 3 was found in the nuclear fraction of pregnant mouse uteri from E12 to E16, with maximal levels being found on E13. As term approached (E19), active nuclear caspase 3 decreased to barely detectable levels.
Minimal Nuclear Caspase 3-Mediated PARP Cleavage in the Pregnant Mouse Uterus
Nuclear proteins were freshly isolated from the pregnant mouse uteri from E12 to E19 (n ¼ 3 for each gestational time point). Western blots were performed using an antibody that recognized both the full-length and caspase 3-cleaved forms of PARP (116 and 89 kDa, respectively). As shown in Figure 2A , abundant levels of the full-length, intact PARP were identified across gestation. In contrast, low levels of the caspase 3-cleaved form of PARP were observed and were isolated to E12 and E13. As defined by ROD (Fig. 2, B and C) , the caspase 3-cleaved PARP fragments levels represent 16% and 10% of the full-length PARP on E12 and E13, respectively.
Genomic DNA Is Preserved in an Intact State in the Pregnant Mouse Uterus Across Gestation
Genomic DNA was freshly isolated from pregnant mouse uteri from E12 to E19 (n ¼ 3 for each gestational time point). Equal amounts of the uterine genomic DNA were electrophoresed on a 1% agarose gel using apoptotic U937 cells as a positive control (Fig. 3) . Uterine genomic DNA is maintained 
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in its intact state across gestation, which is indicated by a lack of DNA laddering, as was clearly identified in genomic DNA isolated from our positive control, the apoptotic U937 cell.
Q-PCR Analysis of Pro-and Antiapoptotic Signaling Mediators Indicates Increased Uterine Antiapoptotic and Decreased Proapoptotic Signaling Events During Late Pregnancy
Messenger RNA isolated from uteri of three different gestational series of mice was analyzed for significant alterations in the levels of pro-and antiapoptotic mediators that would facilitate the preservation of the uterine nonapoptotic state despite elevated active caspase 3 levels present during pregnancy. Using oligonucleotides that primed with equal efficiency (Table 1) , Q-PCR analysis demonstrated significant modification in Mcl1, Bcl2, Xiap, Survivin, and Bid mRNA levels from E12 to E19 (Fig. 4) . Antiapoptotic factors Mcl1 (Fig. 4A) , Bcl2 (Fig. 4B) , and Xiap (Fig. 4C) increased significantly between E12 and E19. The antiapoptotic factor Survivin (Fig. 4D) was highly elevated on E12 and E13 but decreased dramatically at E14 and remained at low levels to term. The antiapoptotic factors Ciap2, Bcl2l2, and Bcl2l1 (Fig.  4 , E-G) were detectable but remained unchanged across gestation. The proapoptotic factor Bid (Fig. 4H) decreased significantly from E12 to E19. Proapoptotic factors Bax, Bak, Bad, Diablo, Xaf, and Htra were also detectable but remained unchanged across gestation.
Protein Levels of MCL1, XIAP, and SURVIVIN Were Significantly Altered Across Gestation in Pregnant Mice
Cytoplasmic and nuclear extracts isolated from pregnant mouse uteri from E12 to E19 (n ¼ 3 for each gestational time point) were examined by Western blot analysis using antibodies that specifically identified MCL1 at 40 kDa, XIAP at 45 kDa, SURVIVIN at 16.5 kDa, and BID at 26 kDa (Fig.  5) . Increased levels of MCL1 (Fig. 5A) and XIAP (Fig. 5B) were identified in the pregnant mouse uterus from E15 to E19 in the cytoplasmic fraction. SURVIVIN was found to be elevated in both the cytoplasmic (Fig. 5C ) and nuclear fraction (Fig. 5D ) at E12 and E13, with a significant decrease in SURVIVIN levels in both cellular compartments from E14 to E19. The protein levels for MCL1, XIAP, and SURVIVIN paralleled the increased levels observed in the mRNA analysis seen in Figure 4 . Cytoplasmic levels of BID (Fig. 5E ) did not significantly change from E12 to E19.
Decreased NFKBIA (IjBa) and Elevated NFKB (NF-jB) Activation in the Pregnant Mouse Uterus as Term Approaches
Cytoplasmic NFKBIA levels were examined as an indicator of activation of the NFKB pathway in the pregnant mouse uterus by Western blot analysis, which specifically identified NFKBIA at 37 kDa. Cytoplasmic NFKBIA levels decreased (Fig. 6A) in the pregnant mouse uterus as term approached, permitting the translocation of the NFKB subunit p65 into the nuclear fraction (Fig. 6B) . Increasing levels of p65 were identified from E13 and reached maximal levels at term, E19, by Western blotting using an antibody that recognizes p65 at 65 kDa.
DISCUSSION
This study defines a potential molecular mechanism whereby the pregnant uterus may maintain a nonapoptotic status despite elevated levels of active caspase 3 [13] . Our initial line of investigation was to determine if exclusion of active caspase 3 from the nucleus was used by the pregnant uterine myocyte to limit caspase 3's ability to perform its terminal apoptotic actions, which usually result in DNA damage and ultimately death of the cell. Active caspase 3 uses a nuclear localization sequence found at the cleavage site between the p17 and p12 subunits to actively translocate to the nucleus during the progression of an apoptotic event [26] . However, previous studies have found that nuclear damage caused by caspase 3-mediated internucleosomal cleavage of FIG. 5. The effect of gestational age on the levels of cytoplasmic (cyto) MCL1, XIAP, and cytoplasmic and nuclear (Nuc) SURVI-VIN and BID in the mouse uterus from E12 to E19. Uteri collected from three gestational series from E11 to E19 were examined individually by Western blot analysis. Representative blots are shown. Cytoplasmic MCL1, XIAP, SURVIVIN, and BID (A, B, C, and E) were normalized to GAPDH, whereas nuclear levels of SURVIVIN (D) were normalized to the 36-kDa nuclear product of the transcription factor ATF6. Data are represented as mean 6 SEM from three experiments.
FIG. 6. The effect of gestational age on the levels of NFKB activation on the pregnant mouse uterus from E12 to E19. Uteri collected from three gestational series from E11 to E19 were examined individually by Western blot analysis. Representative Western blots are shown. Cytoplasmic NFKBIA levels decreased as term approached (A), with a reciprocal increase in nuclear levels of p65 toward term, E19 (B). Cytoplasmic NFKBIA was normalized to GAPDH, whereas nuclear levels of p65 were normalized to the 36-kDa nuclear product of the transcription factor ATF6. Data are represented as mean 6 SEM from three experiments.
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DNA, the final step in the death of the cell, is reduced or often does not accompany caspase 3's proteolytic action [17, 19, 20] . We first examined active caspase 3 levels in the nuclear fraction of the pregnant mouse uterus across gestation and found that similar to the cytoplasmic fraction [13] there were abundant levels of active caspase 3 from E12 to E16, which decreased to barely detectable levels at term (E19; Fig. 1 ). However, apoptotic indices of nuclear caspase 3 action such as PARP cleavage (Fig. 2) and nucleosomal DNA fragmentation (Fig. 3) were minor or absent, respectively. These data suggested that though active caspase 3 had translocated to the nucleus, its apoptotic activity was limited, resulting in inefficient initiation of apoptotic cell death in the pregnant mouse uterus.
Apoptosis is a genetically programmed process of controlled cell suicide that has a critical role in development and homeostasis of the organism. Dysregulation of apoptosis contributes to the pathogenesis of a host of diseases, including cancers [1] , autoimmunity [27] , and neurological disorders [2] . Our findings in the pregnant uterus suggest a similar dysregulation of apoptotic signaling. The pregnant uterine myocyte displays robust levels of active caspase 3 in the cytoplasm [13] and nucleus (Fig. 1) , with little or no indication of an accompanying process of apoptotic cell death (Figs. 2 and  3) . The IAP family of proteins are the only known endogenous inhibitors of active caspases in vivo and play a critical role in limiting active caspases by inhibiting the apoptotic process [28] . A Q-PCR screen of pro-and antiapoptotic factors expressed in the pregnant uterus (Fig. 4) revealed that there was an induction of an antiapoptotic response during late gestation. Two members of the IAP family, SURVIVIN and XIAP (Figs. 4 and 5) , were found to be significantly altered at the mRNA and protein levels across gestation in the pregnant mouse uterus.
SURVIVIN, the smallest member of the IAP family at 16.5 kDa, was found at high levels in both the cytoplasmic and nuclear fraction of the pregnant mouse uterus on Gestation Days 12 and 13, declined on Gestation Day 14, and remained low to term (Fig. 5, C and D) . Recombinant SURVIVIN has previously been identified in other systems to have the capacity to bind directly to and inhibit caspase 3 activity [28, 29] . We propose that the presence of cytoplasmic SURVIVIN in the pregnant mouse uterus at E12 and E13 likely limits cytoplasmic uterine caspase 3 apoptotic activity. Nuclear SURVIVIN was also identified in the pregnant uterus at E12 and E13 (Fig. 5D ). Recent data suggest that SURVIVIN's role in the nucleus is to promote the cell's DNA repair capacity, rendering the cells less sensitive to apoptotic stimuli, providing a potential mechanism of action for SURVIVIN in the dysregulation of the uterine nuclear caspase 3-mediated DNA damage response [30] . After E13, SURVIVIN levels decrease; however, the pregnant uterus continues to retain its nonapoptotic status. We speculate that this is a consequence of elevated prosurvival antiapoptotic signaling by XIAP and MCL1 (Fig. 5, A and B ).
Recent studies have described how SURVIVIN inhibits apoptosis via cooperative interactions with other partners [31] . An example of these interactions is an IAP-IAP complex between SURVIVIN and XIAP, which further increases the activity of XIAP-mediated caspase 3 inhibition by silencing its enzymatic activity [32] . We have indentified the presence of XIAP in the pregnant uterus from E12, and it increases from E14 to E19 (Fig. 5B) . We propose that XIAP and SURVIVIN may have the capacity to work together to limit the apoptotic potential of active caspases in the pregnant uterus from E12 to E19. It has been described that XIAP not only inhibits active caspase 3 proteolytic potential, it also functions in an antiapoptotic manner by removing the active caspase 3 enzyme from the cell by using the ubiquitin-targeted proteasome degradation machinery [33, 34] . Therefore, we propose that the increased levels of XIAP in the pregnant uterus near term may play a critical role not only in inhibiting the action of active caspase 3 but also in acting in an antiapoptotic manner by clearing active caspases from the uterine myocyte as term approaches by targeting them for proteasomal degradation (Fig.  1) .
Very recent data has demonstrated that the hallmark of a functioning SURVIVIN-XIAP complex is the activation of the NFKB pathway [35] . XIAP was identified as having the capacity to enhance NFKBIA phosphorylation and degradation, resulting in robust NFKB activation. It has previously been determined that in late gestation NFKB activation from E16 to term plays a critical role in regulating the timing of the onset of labor [36] [37] [38] . However, in this current study we have identified the onset of NFKBIA degradation (Fig. 6A) and the consequent NFKB activation at E13 (Fig. 6B) , which reaches 422 maximal levels at term. The increased uterine NFKB activation initiated at E13 may be a result of the interaction between both SURVIVIN and XIAP in the pregnant uterine myocyte as early as E12 (Fig. 5) .
The role of NFKB activation in the pregnant uterus has been attributed to activation of prostaglandin production [39] and inhibition of uterine progesterone receptor function [40] . However, NFKB itself has also been promoted as both a proand antiapoptotic mediator. Among the NFKB-dependent antiapoptotic genes is Mcl1 [41] [42] [43] , a prosurvival member of the Bcl2 family that maintains cell viability through inhibition of apoptosis. Mcl1 has been described as positively regulated at the transcriptional levels by NFKB activation [42, 44] . MCL1 functions in a prosurvival, nonapoptotic manner by inhibiting further activation of caspase 3 through sequestering proapoptotic signaling mediators [45, 46] . In the pregnant uterus we propose that NFKB may act as a potent antiapoptotic signaling molecule by promoting the upregulation of the antiapoptotic factors such as MCL1 (Fig. 5A) to limit further activation of uterine caspase 3 as term approaches.
In conclusion, we propose that the pregnant mouse uterus may use an intact caspase 3 dysregulation mechanism to limit the apoptotic actions of active caspase 3 found in the myometrial cytoplasmic and nuclear compartments during pregnancy (Fig. 1 ). We have previously described how caspase 3 may play a role in maintaining uterine quiescence, and in this current study we now describe how the uterine myocyte avoids apoptotic cell death despite elevated levels of caspase 3, as is summarized in Figure 7 . We propose that elevated levels of SURVIVIN limit the consequences of caspase 3 action in the both the cytoplasmic and nuclear fraction, when caspase 3 levels are at their highest (Fig. 5, C and D) . We hypothesize that SURVIVIN partners with increasing levels of XIAP (Fig.  5) to further limit caspase 3 activity levels after E13 and to clear active caspase 3 from the cell through activation of the proteasomal degradation pathway. The partnership of XIAP and SURVIVIN may also lead to an upregulation of the antiapoptotic factor MCL1 (Fig. 5 ) through the degradation of NFKBIA and the consequent activation of an NFKB response initiating at E13 (Fig. 6) .
Caspase activation has also been shown to be engaged in myometrial cell differentiation during pregnancy. The transition of the uterine myocyte between myocyte hyperplasia during the first half of gestation and cellular hypertrophy during the second part of gestation has been associated with the activation of the caspase cascade in the pregnant rat uterus [19] . Whether activation of the antiapoptotic signaling cascade contributes to or is as a result of uterine myocyte hypertrophy during late pregnancy has yet to be determined; however, a recent study demonstrated that mice overexpressing XIAP display mild skeletal muscle hypertrophy [47] . Similarly, in rats undergoing aortic ligation for the induction of cardiomyocyte hypertrophy, activation of NFKB and the antiapoptotic signaling cascade were induced significantly [48] . Active caspase 3 levels are also robustly induced postpartum in rat uteri [49] . It has yet to be determined if activation of caspase 3 postpartum in the rodent model is associated with apoptotic cell death. However, in the human, extensive apoptosis has also been associated with an early stage of uterine involution that follows the onset of labor [50] . Future studies will determine whether the switch to caspase 3-mediated apoptotic cell death postpartum is regulated by decreased antiapoptotic signaling.
We speculate that during pregnancy, modification of the tightly regulated antiapoptotic signaling cascade may result in the inappropriate activation of apoptotic actions of caspase 3 in the pregnant uterus. Future screening of preterm and term uterine myometrial tissues may identify activation of the anticaspase 3 pathway as a marker for aberrant and premature priming of the pregnant uterus, resulting in the onset of preterm labor.
